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The Beaumont Oil Field, with Notes on Other Oil Fields 
of the Texas Region. 

BY ROBERT T. HILL, Washingtofi, D. C. 

( Concluded f r o m  ~b. 238. ) 

THE GEOLOGY OF THE BEAUMONT FIELD. 

The Coast Prairie is a bel t  of prairie land from ten to fifty 
mi les  wide which  borders  the Gulf  of Mexico  for near ly  4oo 
miles from the Mississippi  in Wes te rn  Louis iana  th rough  
Texas  into Mexico. It  is one of the newes t  made  and least  
unders tood  of our Amer ican  geographic  provinces. 

This  is a grass-covered const ruct ional  p~aiu, newly  re- 
claimed from the Gulf  of Mexico. In general  character  i t  
resembles  very  much the New Je r sey  flats of our nor thern  
coast, wi th  which  it has many  fea tures  of age and mode of 
origin in common.  

Topographical ly ,  it is an a lmost  level plain, s loping sea- 
w a r d  at the  rate of abou t  one foot to the mile ; i ts interior  
margin  rises scarcely ioo feet  above  the sea. It  is impos- 
sible wi th  present  knowledge  to del ineate  the interior border  
with exactness,  for bel ts  of t imber  cons tant ly  encroach 
upon it. I ts  a lmost  level surface is broken by a few low 
drainage-grooves.  The re  are deep drowned bayous  in Loui- 
siana and Eas t  Texas ;  bu t  these  become fewer  and more 

i faintly developed toward the Rio  Grande.  
No topographic  surveys  have  ever  been made  of any 

portion of the  Coast Prairie, a n d  hence the sl ight  irregu- 
larities of its contour  are discernible only with difficulty. 

U n t i l  Captain Lucas 's  invest igat ions,  certain low elevations,  
which have  since become the most  impor tan t  fea tures  of 
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the landscape,  were hardly  noticed. I al lude to low swells  
or hills such as Spindle Top, ¢vhieh occur here  and there, 
and now at t ract  a t tent ion from their  supposed  relat ion to 
the occurrence of oil benea th  them. These  mounds  or hills 
are in real i ty gent le  swells. 

Unt i l  the pas t  decade this country,  which  is s w a m p y  in 
places and in its sou thwes te rn  extension semi-arid, was 
considered good only for cattle-raising. For  fifty years,  
immigra t ion  passed beyond  it to the more  fertile por t ions  
of the  State.  Pr ior  to the  recent  oil boom, however ,  it was 
acquir ing a grea t  impetus  th rough  the deve lopment  of rice- 
culture,  and to-day it is one of the  most  act ive industr ia l  
sect ions of the  Union.  

Geology o/ the Coast Prairie.--The low relief of the  Coast  
Prairie, the absence of extens ive  natura l  or artificial cu t t ings  
and the mant le  of vege ta t ion  render  difficult the s tudy  of 
the problems of its s t r a t ig raphy  and s t ructure.  W e  know 
that  this prairie is under la id  to an indefinite depth  by  a series 
of sea-muds and sands similar  to the present  marginal  
deposi ts  of the  Gulf. On a previous  page I have given the 
geological  series which should underl ie  the  prairie, and 
called a t tent ion to the  difficulty of classifying the later  
beds. These  late Ter t i a ry  (Neoeene) and Ple is tocene  forma- 
tions which succeed the Frio clays of K e n n e d y  (the top of 
the Angel ina  series), underl ie  the Coast  Prairie,  and contain 
the oil, have never  been classified, and may  be called the ~'2 
beds  until  a definite classification is made.  In addi t ion to 
very  recent  a l luvium and loam, they  may  include the forma- 
tions descr ibed in Louis iana  as the  " H u d s o n "  and " G r a n d  
Gulf." Pa leonto logis t s  have  also identified shells from the 
Galves ton and Beaumon t  wells, which  they have referred 
to the  Miocene ; b u t  no geologis t  has  ever  identified forma- 
tions of this age ou tc ropping  at the  surface in the Texas  
series. 

No proof has  been obta ined  of the  total  thickness  of the 
X beds  nor the  depth  of the top of the  Eocene  Tert iary,  
benea th  the Coast  Prairie. In fact, not  one of the drill-holes 
in the  Coast Prairie,  the deepes t  of which was the well at  
Galveston,  Tex. (3,o5o feet), has ever  pene t ra ted  to it. Ac.  
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cording to the  sect ion of this well, there  are 2,920 feet of 
such s t ra ta  benea th  the Texas  Coast  Prair ie  of Recent ,  
P le i s tocene  and Miocene Ages.  

Some sect ions have been publ ished which convey  an idea 
of the  mater ia l  of .the. unconsol ida ted  X beds. T h e y  a r e  
composed  a lmost  ent i re ly  of unconsol ida ted  material ,  which 
wea thers  into a mant le  of soil. One sect ion at Beaumon t  
shows the s t ra ta  down to the  oil-bearing rocks. Another ,  
of the deep wel l  at  Galveston,  Tex., includes the equivalents  
of all the  s t ra ta  passed  th rough  in the Beaumon t  well, 
toge ther  wi th  2,ooo feet  of lower, and probably  from IOO to 
3,ooo feet  of h igher  beds.  

A third section is tha t  of the Louis iana  Pe t ro l eum and 
Coal Oil Company 's  well, 1,23o feet  deep, in Calcasieu parish, 
on one of two small  is lands in the  marsh  which forms the 
head of the  Bayou Choupique.  The  sect ion originally given 
by  Hi lgard  is republ i shed  in the  "Geolog ica l  Survey  R e p o r t  
of Lou i s i ana"  for 1899, page 25. 

A four th  section is tha t  of the  wells at  Belle Isle, g iven  
in the " L o u i s i a n a  Geological  Survey  Repor t , "  i899 , P la te  

' X X I I .  
Some informat ion  concerning the format ion of the Coast 

Prairie, wi th  a r~sum~ of previous  work, is found in a pre- 
l iminary repor t  of the geology of Lou i s i ana ,  t r ansmi t t ed  in 
November ,  b u t  w i thou t  date  of publ ica t ion on the title page 
(probably  19oo ) , On the map  accompany ing  this report,  it 
is r emarked  tha t  the d is t r ibut ion  of the pos t -Eocene  deposi ts  
is based  main ly  on previous  surveys.  

A few f r agmen ta ry  data  concerning the charac ter  of the 
format ion have  been given by  Dr. Loughr idge  in the special 
repor t  on cot ton product ion  for the Nin th  Census ;  but,  as 
a whole, the  Neocene,  P le is tocene  and I~ecent format ions  
immedia te ly  under ly ing  the Coast  Prair ie  are still uns tud ied  
and uncorrela ted.  

Several  of these  sections would  lead the reader  to infer 
tha t  the b o t t o m  of the  X beds  had been  reached when  the 
bodies  of salt, su lphur  and g y p s u m  were  encountered,  and 
that  these mater ia ls  are of Cretaceous  Age.  Evidence  will 

b e  p resen ted  later  to show tha t  this may  not  b e  the case. 
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Accord ing  to a special repor t  by  Hilgard for the Louis- 
iana Geological  Survey,  the Five  Islands are the erosion- 
formed outl iers  of a cre taceous  r idge or backbone which  
t raverses  Louis iana  f r o m  its nor thwes t  corner in the diree- 
tion of Vermi l ion  Bay;  and many  geologists  have referred 
the salt  and s u l p h u r  beds  to the Cretaceous. 

A sif t ing of all the  evidence upon the subjeet  affords no 
proof of the  Cre taceous  Age  of the  salt islands, which has 
been asser ted  solely on l i thologic grounds, paleontologic  
evidence  be ing  ent i re ly  lacking. It  is true that  there  is a 
ehange  of ma te r i a l  in several  of the drill-holes, as, for 
instance,  from the salt  of the  salt  is land and Damon's Mound,  
and the dolomite  of Big Hi l l ;  bu t  if these mater ia ls  have  
or ig inated by  secondary  replacement ,  as I maintain may  have  
happened,  they may  be of pos t -Ter t iary  Age. 

Structure o f  tlze Coast P r a i r i e . - - T h e  Coast Prairie is topo- 
graphieal ly  monotonous  and so near  to sea level, and the 
geological  format ions  so unconsol ida ted  and indeterminate ,  
tha t  there  are no surface faetors to enable one to de termine  
the e lementa ry  fea tures  of s t ruc tura l  deformation,  such as 
the  anticl ines and sync l i ne s ,wh ich  are so easily t raeeable  
in o ther  regions where  indura ted  rocks abound. Notwi th-  
s t and ing  its apparen t  simplicity,  however ,  there  are some 
kno t ty  problems in the  unde rg round  s t ructure  of the Coast  
Prair ie  which present  a pecul iar  exception to all the  rest  
of the  Coastal  Pain. As al ready observed,  the outcrops  of 
lower and lower  beds  occur  in succession from the coast  
inward.  But  this is not  t rue of the 22 beds. There  is dis- 
t inct  evidence that  among  these,  newer  beds overlap older 
formations,  which  do not  outcrop at the surface anywhere  
in the  Coastal  Plain. Thus,  Miocene fossils have  been 
recognized in the  G a l v e s t o n a n d  Beaumont  wells where  no 
format ions  of this age are known to outcrop anywhere  at 
the  surface. The  s t ra t igraphic  unconformit ies  noted  by  
K e n n e d y  be tween  the Camden and Angel ina  series, and the 
Ange l ina  series and the X beds,  also have an impor tan t  
bear ing  on this quest ion.  

There  is some evidence that  the  Coast Prair ie  overlaps 
conceal a line of serious deformation,  which may  be a sharp 
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fold, wi th  an increased dip coastward,  or a zone of fault ing.  
The  normal  dip of the  Eocene  s t ra ta  immedia te ly  wes t  of 
the  Coastal  Plain is from xo to 20 feet  per  mile. If this rate 
of incl inat ion cont inued to the  coast, these s t ra ta  would  be  
bur ied  only from 50o to i,ooo feet. But,  as I have  shown, 
they  are p robab ly  more  than 3,ooo feet  below the surface, 
showing  e i ther  a rapid  change in dip to 60 feet  per  mile, or 
a down- throw fault .  

If such faul t ing  or deformat ion  exists  benea th  the  Coast  
Prairie, over lapped and bur ied  by  la ter  surface formations,  
the  fact  is mos t  impor tant .  I shall recur  to it later. 

The  Louis iana  par t  of the  prairie is acknowledged  to be  
a s u b s i d i n g  area, as a t tes ted  by  actual  bench-marks,  the  
d rowned  charac ter  of the  bayous , , and  the circle of cypress  
g rowth  on the swamps.  I know of no actual  previous  
observa t ions  bear ing  upon the isostasy of the Texas  por- 
tion of the  prairie. McGee, in a recent  art icle in the 
Natwnal Geogra2hic Magazine, assumes  tha t  it is l ikewise 
subs id ing;  bu t  observa t ions  made  within  the pas t  year  lead 
me to bel ieve  tha t  wes t  of the Tr in i ty  River ,  at least  as far 
south  as the mou th  of the Co lo rado- -beyond  which we 
know n o t h i n g - - t h e  plain is rising. Be tween  the Tr in i ty  and 
the Colorado all the  s t reams have  new-cut  ehannels,  charac- 
terist ic of r is ing land, while the  Brazos is actual ly eu t t ing  
down th rough  its own a l luvium at sea-level, and for many  
miles above its mouth .  

In the  genera l ly  mono tonous  monoclinal  s t ruc ture  there  
are a few wrinkles  or small swells, l ikely to escape the eye 
of even the t ra ined observer,  and yet  of a character  which 
may  have  an impor tan t  bear ing  on the oil-problem. These  
are the circular and oval mounds  a l ready described,  which  
were first recognized by  Captain Lucas.  W h e n  he pointed 
ou t  Spindle Top  Hil l  to me, my  eye could hard ly  detec t  it, 
for i t  rises by  a g radua l  slope only IO feet  above  the sur- 
rounding  prairie plains. I was still more incredulous  when  
he insis ted tha t  this mound,  only 2oo acres in extent,  was 
an upl i f ted dome. But  Captain Lucas  said that  I would  be  
convinced of the  uplif t  if I could see Damon 's  Mound in 
Brazoria County.  In Augus t ,  I9Ol, I vis i ted that  place, and 
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then re turned  for a second look at Spindle Top, and was 
convinced, tha t  if these hills are not  recent quaquaversa l  
uplifts, no other  known hypothes is  will explain them. 

Damon's  Mound  is an elliptical hill, a mile or more in 
greater  diameter ,  r is ing 9 ° feet above the surrounding level. 
Its profile is everywhere  convex, and it is not  a hill of 
erosion or of volcanic material .  Furthermore,  a bed of lime- 
stone follows the contour  of its surface, showing deforma- 
tion. The  ascent  of the plain will not carry the la t ter  to 
the he igh t  of this mound  for too miles interiorward. 

Phenomena Accorn2banying tl~e Oil in tlze Beaumont Field.-- 
By studies and dril!-sections of the Coast Prairie, the fol- 
lowing facts have been developed: 

(:) The  oil is closely associated with the mounds  occur- 
r ing o11 their  slopes or summits .  

(2) The  mounds  are usual ly  anticlinal  or quaquaversa l  in 
structure.  

(3) Most of the chemical  phenomena  of the Lucas  group 
occur in all these mounds  in vary ing  proportions. 

(4) In some localities, hot  water  has been struck below 
the oil. 

(5) In the original  Lueas  well, the oil itself is hot. 
The  oil seems to occur, not  in any definite, cont inuous  

s t ra tum,  but  in spots of many  strata,  under vary ing  condi- 
tions. At  several places, notably  Rockland, Saratoga and 
Sour Lake, it is found at tile surface as maltha or asphal tum,  
impregna t ing  spots in beds of sand, which are indura ted  by 
it. At  Jennings ,  Beaumont ,  Sour Lake, and other  localities, 
severa l - -a t  Sour Lake, for instance,  e leven--"  seeps"  of oil 
have been encountered.  

Gas in immense  quanti t ies ,  and frequently under  such 
pressure as to wreck the wells, has been struck'before reach- 
ing the  oil. This  has occurred several t imes at Spindle 
Top, twice at  Sour Lake and once at Velasco, where the 
dest ruct ive  effect was terrific. 

Su lphur  and su lphure t ted  hydrogen gas occurs in inti- 
mate  association with the Beaumont  oil. In fact, the oil 
itse!f is said to contain from i to 2 per cent. of sulphur,  and 
the fumes of su lphure t t ed  hydrogen  are strong in the vicin- 
i ty of the wells. 
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Captain Lucas  early noticed tha t  su lphure t ted  hydrogen,  
escaping from the ear th  under  certain conditions, deposited 
su lphur  in crevises near the surface. Such phenomena  he 
observed at Spindle TQp before commencing  his well. At  
H igh  Island, Galveston County, work was temporar i ly  sus- 
pended on a well-hole, and the orifice was stopped with hay, 
in order to prevent  obstruct ion from d6~ris. Afterwards,  
when this plug was withdrawn,  the hay  was found to be 
imbedded  in a m a t r i x  of sulphur,  undoub ted ly  deposited 
from the escaping gas. At  Damon's  Mound, Brazoria County, 
su.lphur was found near  the surface only in small joints  and 
fissures; and a clay impregna ted  with it, used as an oint- 
m e n t  by the Indians  who formerly  inhabi ted  the coast 
country,  was subsequent ly  mined and sold as a medicine by 
a company of Americans.  

Underg round  bodies of sulphur,  associated with  the oil 
by  na tura l  processes, have been found in many  localities. 
The  Calcasieu section of Hi lgard  shows at 54o feet in depth 
solid " sulphur  rock," similar  to tha t  encountered  at I,O40 , 
feet in the Beaumont  well. A t  Damon's  Mound a bed of 
su lphur  from io to 4o feet thick was encountered  above the 
salt. Crystal  of free sulphur  also occur in a cap-rock over- 
ly ing  the Spindle Top oil. 

The fol lowing is reported of the well bored by Boughton 
& W y n n  for the Higg ins  Oil Company at Spindle "Pop. I 
cannot  vouch for the correctness of the s t a t emen t :  

"The drillers claim that the oil-pool struck by their well is 40 feet deep, 
and that the oil rests upon a bed of sulphur. After the oil was struck, the 
borers permitted the pipe to sink until it struck bottom, which it did at the 
distance of 4o feet. The drillers then claim to have bored 4 feet into a bed of 
pure sulphur." 

This  well is about  8oo feet from the Lucas well. 
The  bodies of su lphur  are probably a by-product  of the 

format ion  of the oil, which, at Spindle Top, is not  only 
h igh ly  sa tura ted  with  su lphure t ted  hydrogen,  but  contains 
by chemical  analysis  from 1"5 to 3 per cent. of sulphur.  I t  
was Captain Lucas  who discovered the relation between the 
su lphure t t ed  hydrogen  fumaroles,  gas-springs and sulphur  
incrus ta t ions  at the surface, and the bodies of subter ranean 
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oil ; and it was his bel ief  in this associat ion tha t  led him to 
seek for oil on Spindle  Top  Hill. 

The  bodies of salt  discovered benea th  the hills of the 
Coast  Prairie are of r emarkab le  size, th ickness  and p u r i t y - -  
notably  those in Louisiana,  and one discovered in wi th in  
the past few months  at Damon 's  Mound,  in Brazoria County,  
Tex. 

The  salt is lands of Louis iana  were descr ibed b y  Captain 
Lucas  in the  Transactions of the Amer ican  Ins t i tu te  of Min- 
ing Engineers before  his discovery of oil at Beaumont .  ~ 
These  so-called islands, r is ing from 80 to 250 feet  above the 
surrounding marshe,~ of the Coast Prairie, are hills benea th  
layers of stratif ied clay and sand. T h e y  be long  to the s ame  
group of topographic  phenomena  as Spindle Top  Hill  at  
Beaumont. 

By sinking th rough  the supers t ruc tu re  of sand and clay, 
Capt. Lucas located the sal t-bodies and de te rmined  their  
horizontal extent,  developing  also the  impor tan t  fact that ,  
though  limited in diameter ,  they  were of grea t  d e p t h - - t h a t  
of Jefferson Is land hav ing  been penet ra ted  for 2,i00 feet  
wi thout  reaching bot tom.  

Another  impor tan t  fact  poin ted  out  in Capt. Lucas 's  
paper  was that  the subs t ra t a  of the sou theas te rn  par t  of 
Belle Isle, above and down to the  rock.salt, ,:;ere heavi ly  
impregnated wi th  pet roleum.  Several  calcareous s t ra ta  con- 
ta ining sulphur  were  also encountered,  sugges t ing  to h im 
that  more thorough  explorat ion migh t  develop a sulphur-  

• deposi t  like the grea t  Calcasieu deposit ,  and showing  the 
association of these three materials.  

All geologists who have expressed an opinion have com- 
mi t ted  themselves to the theory  that  these sal t -masses  were 
originally depos i ted  in the sea and covered wi th  later  sedi- 
ments.  Capt. Lucas  also accepted  this hypothesis .  The  
theory  as s ta ted  b y  A d a m s  t was, tha t  " near  the  close of 
the  Cretaceous Period, beds of rock-salt and g y p s u m  were 
evidently precipi ta ted  in the  land-locked remnants  of the re- 
t rea t ing  sea." 

~Trans .  A. M. ~ E.,  xxix, 452 el s~-q. 
U. S. "Geological Survey," JTu/lelin No. 184, p. 49. 
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The  sediments  of the lagoons, which in former  times, as 
to day, bordered the Gulf  of Mexico, were undoub ted ly  very 
sal ine;  bu t  we have no instances at present  to lead us to 
suspect  or believe tha t  there have ever been condit ions for 
the accumulat ion,  by surface evaporat ion in such lagoons, 
of the enormous thickness of salt now found benea th  the  
Coast Prairie mollnds of Louis iana  and Texas.  

These  vast  salt-bodies are in t imate  historic associates of 
the oil, and record the  past  location of the circulat ion of 
saline waters, which were t ranspor t ing  agents  in the  dis- 
t r ibut ion of the oil. 

Since s tudy ing  the phenomena  of the Beaumont  field, the 
wri ter  has gradua l ly  developed another  hypothesis ,  namely,  
tha t  these salt bodies are the resul t  of secondary replace- 
men t  in the s trata  th rough  the agency of the ascending 
circulation of sa tura ted  br iny waters,  as elsewhere explained. 

Still another  in te res t ing  phenomenon  is the occurrence of 
dolomite. The  oil of Spindle Top is said to occur in a 
cavernous mass of this material .  At  Big Hill, Jefferson 
County,  which is one of the most  conspicuous of the 
mounds,  the drill, af ter  going down 300 feet, pene t ra ted  a 
mass of solid, coarsely crystal l ine dolomite,  in which it con- 
t inued to near ly  1,375 feet. At  900 feet a small seep of oil 
was struck in the dolomite.  This  would suggest ,  at first 
glance, tha t  a boss of ancient  crystal l ine rock had been en- 
countered;  bu t  such is probably not  the case, as I shall 
endeavor  to show. 

In only one well, so far as I a-m ab le  to ascertain, has the 
hot  water  which would be expected to follow the oil been 
encountered.  This  was in the Sour Lake fieid, where, as i 
am informed by the owner, a heavy  flow of hot  sal t  water  
was s t ruck at about  1,4oo fee t - -a  lower level than  tha t  of 
the " g u s h e r  " oil of tha t  vicinity.  

The  fact tha t  the oil in the original  Lueas  gushe r  had a 
tempera ture  of over 1 lO ° F. is most  important .  This  phe- 
nomenon seems to have been overlooked heretofore by those 
who have s tudied  the field. 

Explorat ions have  shown the following downward  series 
in the quaquaversal  hills : (i) a matr ix  or overlay of the 
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typical  Coast  Prairie fo rmat ions ;  (2)o i l -phenomena ,  con- 
s is t ing of su lphure t t ed  hydrogen  gas, escaping superficially, 
and secondary  deposi ts  of su lphur  in the  s t ra ta  th rough  
which the su lphure t t ed  gas has ascended;  (3) oil, mixed 
with considerable  su lphur  and su lphure t t ed  hydrogen ;  (4) 
sulphur,  as a prec ip i ta te  or sed iment  of the  oil; (5) sodium 
chloride and magnes ian  l ime carbonate ,  as af ter-products  of 
the oil; and (6) hot  salt  water ,  Under grea t  hydros ta t ic  
pressure.  

G E O L O G I C A L  SO U R C E  AND D I S T R I B U T I O N  OF T H E  OIL.  

The  ables t  geological  exper ts  and practical  oil-men have 
found  the condi t ions in the Beaumont  field different  in 
every  detail  from those of all previous ly  discovered fields, 
especial ly those  of Ohio, California, W e s t  Virgin ia  and 
Pennsylvania .  The  magnif icent  work of Orton, in Ohio; 
Whi te ,  in Virginia,  and Lesley and others  in Pennsylvania ,  
is inappl icable  in this field. 

The  writer,  like o ther  geologists ,  a s sumed  at first tha t  
oil-deposit  was more or less of the  sheet  or b lanket  type, 
and for a while proceeded upon that  theory,  unti l  it was 
upse t  by  exper iments  a round Spindle Top. A year  ago I 
was inclined to bel ieve that  the Beaumon t  oil was, like that  
of the Trenton,  Berea and Corsicana fields, indigenous  to 
certain strata.  But  we are unable  to define and descr ibe  
such s t ra ta ;  and all evidence now tends to disprove that  
proposit ion.  

Whi le  science has said, frankly,  " W e  do not  know, bu t  
we shall learn," fakirs of every  imaginable  kind and well- 
mean ing  pract i t ioners  f r o m o t h e r  fieRls have given advice 
in abundance.  The  man wi th  the divining-switch;  the boy 
who could see unde rg round  s t reams bl indfold in the n ight ;  
the electrical indicator  man;  the Pennsy lvan ia  oil-driller 
who recognized Ple is tocene and Recen t  gravels  on the sur- 
face as identical  with the Paleozoie conglomera tes  of his 
nat ive  State,  and a hos t  of quack-geologists ,  have reaped a 
rich harves t  in this field through the foolish and frui t less  
expendi ture  of much  money.  

Before the discovery at Spindle Top, there  was only one 
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man whose  i dea s - - a l t hough  not  yet  co-ordinated into a 
t h e o r y - - a p p r o x i m a t e l y  fitted the observed conditions. Of 
course  I refer  to Captain Lucas,  who, in his explorat ions of 
the  Coastal  Plain, seeking success ively  salt, su lphur  and oil, 
had observed the associat ion of oil, sulphur,  su lphure t t ed  
hydrogen  gas, gypsum,  dolomite  and salt, cons t i tu t ing  co l  
lect ively what  migh t  be  t e rmed  the oil-phenomena, repre- 
sen t ing  a group  of secondary  products ,  as d is t inguished  
from the mother-s t ra ta  or sed iments  out  of which they  had 
been produced.  Moreover,  so far as I am aware, he first 
pointed out  the exis tence of anticl inal  hills in the  Coast 
Prairie and their  connect ion wi th  the oil-phenomena. Con- 
cerning the origin and geology of the oil, however ,  he pre- 
sen ted  no opinions. 

Captain Lucas  also a t tached  much  significance to certain 
sur face-phenomena ,  indieatir~g tha t  the su lphure t t ed  hydro- 
gen, escaping upward,  e i ther  ac idula ted  the surface-waters  
or  depos i ted  incrus ta t ions  of su lphur  in the soil. He  
incl ined to bel ieve that  the  mounds  themselves  were in 
some manner  the resul t  of the gas-pressure ;  and I think he 
favored the not ion of horizontal  d is t r ibut ion  along lines of 
strike.  

AN E X P L A N A T O R Y  HYPOTHESIS.  

The  wri ter  has in mind an hypothesis ,  not h i ther to  
advanced,  so far as he is aware, which co-ordinates Captain 
Lucas '  da ta  and explains that  which he o m i t t e d - - t h e  source 
and  dis t r ibut ion  of the oil salt  islands, sulphur,  sulphuret-  
t ed  hydrogen  gas, and dolomite.  The  hypothes is  is offered 
with hesitat ion,  not  as a final explanation,  bu t  in the  hope 
tha t  it may  serve as a basis for discussion through which 
t he ' t r u th  may  be reached.  I th ink it fully in terprets  the 
Lueas  group of phenomena,  and accounts  for the mys te ry  
of  Spindle Top  far more  sat isfactor i ly  than any other  thus 
far presented  ; and that  it may  also account  for the indepen- 
den t  origin of the sulphur,  su lphure t t ed  hydrogen  and gyp- 
sum, regardless  of their  associat ion with the  oil. 

The  hypothes is  is as follows ; The  oil- and salt-pockets of 
the  Texas  Coastal  Plain are p robab ly  not  indigenous  to the 
VOL, CLIV. No. 922. I8 
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s t ra ta  in which they  are found, bu t  are the  resu l tan t  prod- 
uets  of eolumns of hot  saline waters  which have  ascended,  
under  hydros ta t ic  pressure,  at  points  along line~ of struc- 
tural  weakness ,  th rough  thousands  of feet  of shale, sand, 
and mar ine  l i t toral  sed iments  of the  Coastal  Plain section, 
th rough  which oil and sand are d i ssemina ted  in more  or 
less minu te  quant i t ies .  The  oil, wi th  sulphur,  may  have  
been floated upward  on these  waters ,  and the salt and dolo- 
mi te  may  have been crystall ized from the sa tu ra t ed  solu- 
tion. 

The  channels  of these  aseending waters  may  have been 
in places of s t ructura l  weakness ,  such as fissures, which 
p robab ly  at one t ime Continued to the surface, bu t  may  
have  been sealed by  the deposi t ion of the la ter  over lapping  
s t ra ta  now capping  the oil.pools. Such features,  when  
occurr ing under  gent le  anticlines, may  explain the collection 
of oil benea th  the  surface in pools. 

The  fol lowing known data  may  be adduced  in suppor t  of 
this hypo thes i s :  (I) The  absence  , at the depth  of the  Beau- 
mon t  wells, of a n y  local sheet  or s t r a tum from which  i t  
is probable  tha t  the t r emendous  body  of oil could have 
been gene ra t ed ;  (2) the probable  exis tence of nearly Io,ooo 
feet  of Cretaceous,  Tert iary,  Qua te rna ry  and Recen t  uncon- 
sol idated sed iments  benea th  the  surface of the Coasta! 
Plain, as demons t ra t ed  by the deep well at  Galveston,  and 
s tudies  of the  outcrops  far ther  inland ; (3) the  dip of these  
s t ra ta  benea th  the  Coast  Prair ie  a t  a low angle, from the  
interior  coas tward  ; (4) the oil d i s semina ted  in small  quan- 
t i t ies in many  of these s t ra ta ;  (5) the  exis tence of seven or 
e ight  dis t inct  reservoirs  of ar tesian water- in this series of 
strata,  at  dep ths  which increase coas tward ;  (6) the fact, 
demons t ra ted  by  ar tesian wells, tha t  the  wa te r  becomes  
hot te r  and more  saline wi th  increas ing depth,  t he reby  
increasing its capaci ty  for the  collection and flotation of oil ; 
(7) the  in tense  hydros ta t i c  pressure  in these  water -bear ing  
strata,  which apparent ly  cont inue benea th  the  Coastal  Plain ; 
(8) the fact  that  this wa te r  has risen in spots  a long lines of 
fissure which are p robab ly  later,  and are capped by  i,ooo 
feet  or more of the  still la ter  s t ra ta  of the Coastal  Prairie. 
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The  evidence  of these  s t a t emen t s  is as fol lows:  (I)  
Exper imen t s  at Spindle Top, Saratoga,  Jennings ,  Sour  Lake 
and Velasco  show tha t  the  accumula t ions  of oil sufficient to  
p roduce  gushers  are not  indigenous  to the  par t icular  s t r a t u m  
in which  they  are found, bu t  have been collected there  as a 
resul t  of o ther  causes.  I t  is also certain that  the  oil occurs, 
in unde rg round ,  pools, which are related to the  supposed  
anticl inal  mounds  in the new-made R e c e n t  Coast  Prairie. 

The  main supply  of oil at  Spindle  Top  averages  I,ooc, 
feet  in depth,  and may  be in s t ra ta  of Pl iocene or allied 
'Miocene Age.  But  tha t  this s t r a tum in which  the oil occurs  
is not  con t inuous ly  impregna t ed  wi th  a widespread  shee t  
is test if ied by  the barren  g round  developed all a round  
Spindle Top.  Nor  do the many  drill-holes bored up to th is  
date  reveal  even any format ion in the upper  port ion of the  
Coastal  Plain capable  of genera t ing  the vas t  quan t i t y  of oil 
found at Spindle Top,  wha t eve r  its origin. These  oils are  
not  associa ted with extensive beds  of ei ther  plant  or animal  
remains  from which the oil migh t  have been  generated.  A t  

o n e  place, Saratoga,  where  they  outcrop,  they  apparen t ly  
occur in fe r ruginous  sands.  

A faint  t race of oil is usua l ly  encoun te red  at from 400 to 
6o0 feet  in depth,  t h r o u g h o u t  the  ent i re  three hund red  
miles from Damon's  Mound to j enn ings .  This  was prob- 
ably  the first " s e e p "  oil s t ruck at abou t  600 or 70o feet  in 
the Lucas  well, and has been encountered  at many  o t h e r  
places. It  m a y  be a local horizon;  bu t  it has not  been 
found to be a lways under la id  by  a g rea t  " g u s h e r "  s t r a tum,  
or by  any signs of such a thing. T h a t  there  are shal low 
s t r a t a  benea th  the Coastal  Plain which are oil-bearing i s  
apparent  ; bu t  the  product  of all of these  pu t  toge the r  would  
not  supply  one "gusher . "  

(2) The  now classical sect ion of the deep well at  Galves-  
ton, only a short  d is tance from Beaumont ,  shows tha t  t he re  

a r e  at  least  3,ooo feet  of unconsol ida ted  gul f  l i t toral  sedi- 
ments  of la ter  age than the Eocene  Ter t ia ry .  

Benea th  this there  is every reason to bel ieve (from i t s  
outcrop to the  wes tward  and dip toward  the Gulf  Prair ie)  
tha t  t h e r e  mus t  be  an addi t ional  300 feet  of Eocene Ter t ia rF  
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sands  and days .  Similarly, west of the Ter t iary ,  and dip- 
ping beneath  it, geologists  have measured at leas t  4,000 
fee t  of marine Cretaceous formations,  also dipping direct ly 
• benea th  the Coastal Plain. 

If  all these s t ra ta  do (and no evidence has been as yet  
presented to show tha t  they do not) extend benea th  the 
Coast Prairie, then  we have benea th  it at least  io,ooo feet 
of Cretaceous and later  sediments,  known to be (with the 
exception of i,ooo feet of consolidated l imes tones )a lmos t  
ent i re ly  composed of more or less littoral,  terrigenous,  
b i t uminous  and ferruginous Clay and sand. 

(3) The  dip of the buried portion of the s t ra ta  of the 
Cretaceous and Eocene series benea th  the present  Coast 
Prair ie  is evident  from the minu te  studies of the outcrops 
of these s t ra ta  toward the interior.  The  Cretaceous s t ra ta  
dip toward the Coast Prairie from 25 to 40 feet  per mile, as 
shown with grea t  minuteness  in the author ' s  monograph  of 
the Cretaceous formations.  ~ The  dips of the Eocene Ter- 
t iary,  from 3o to Io feet per mile, are given in the various 
reports  of the Texas Surveys.  Whi le  no one can say posi- 
t ively tha t  these s t ra ta  are beneath  the Coast Prairie, induc- 
t ion leads to no other  conclusion, and absolutely no reason 
can be advanced to prove tha t  they  are not. 

• (4) Of the 22,ooo feet of sedimentar ies  in the Texas sec- 
tion, all bu t  less than  2,ooo feet are unconsol idated clays and 
sands, which may  be more or less b i tuminous .  Some of the 
l imestones are also bi tuminous .  O i l o r  b i tumen  has been 
found in at least  a dozen horizons of the section. The  older 
or Paleozoic group contains one in the Ordovician, and two 
or three in the Carboniferous (as at  Brownwood, and at 
Henr ie t ta ,  in Indian Territory).  Of the s t ra ta  composing 
the  later  grand  group under ly ing  the Coastal Plain, there 
are five oil horizons in the Cretaceous:  one in the base of 
the  lower Cretaceous (at St. Jo and Burner);  one in the Del 
Rio clays at  Aus t in  ; one in the Eagle Ford clays in Grayson 
C o u n t y ;  two in the Navarro  -beds of Corsicana;  several in 

" Twenty-first Annual  Report  of the  Director of the  U. S. Geological 
Survey ,"  Part  Vl l .  
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the E o c e n e - - n o t a b l y  that  at N a c o g d o c h e s - - a n d  several  in 
the  post-Eocene at Beaumont .  

In two instances,  in Texas,  b i tuminous  mat te r  (asphal tum) 
is found in apparent ly  ind igenous  beds  of l imeshel l  con- 
glomerate .  One of these is the shell-breccia bed  of the 
Travis  Peak  format ion at Por t  MountMn, in Burner County  ; 
the  other  is the shell-breccia in the upper  Cretaceous at 
Cline, from which the Uva lde  aspha l tum is obtained.  

The  oil of the Corsicana field and that  of San Anton io  
is der ived from the shales of the Uppe r  Cretaceous.  The  
same s t ra ta  which produce oil at Corsieana would,  if con- 
t inued,  p robab ly  be embedded  at least  4,000 or 5,ooo feet  
benea th  Beaumont .  

The  s t ra ta  of .the Eocene Ter t iary  present  every  favor- 
able condit ion for the genera t ion  of petroleum, whe the r  this 
mater ia l  be  derived from the decomposi t ion  of mar ine  
organisms,  as al leged by  some, or from the hydro-carbons  
genera ted  by  vege tab le  mat ter ,  as bel ieved by  others. There  
are vas t  accumula t ions  of both  mater ia ls  in Eas te rn  Texas.  

It is an in te res t ing  fact  tha t  asphal ts  and oils rich in 
a spha l tum occur  in te r r igenous  (land-derived) sed iments  of 
the n a t u r e ,  age and general  character  of the Eas t  Texas  
Eocene, a round the entire per imeter  of the  Gulf of Mexico 
and the Car ibbean Sea. The  asphal ts  of Tamau l ipas  in 
Mexico, Vera  Cruz, the I s t hmus  of P a n a m a  and Cuba, as 

• well as the  grea t  asphal t .deposi ts  of Trinidad,  Barbados and 
Venezuela ,  all come from beds  of this character.  

The  oil from the Nacogdoches  well is der ived from near  
the top of the  lignitie format ions  (Claiborne beds)  of the  
Eocene Tert iary,  the posi t ion of which has been definitely 
ascer ta ined  by  geological  study.  

The  22 beds  (post-Eocene) of the Coast  Prairie are appar- 
ent ly  rich in oily spots. 

If a drill-hole could be cont inued to a depth  of io,ooo feet  
below Beaumont ,  it should encounte r :  First,  the  Nacog- 
doches oi l -s t ratum; next, the b i tuminous  shales of the  
Eocene ; next, the oil-shales of the  Corsicana field ; next, the  
Eagle  Ford (Colorado) b i tuminous  shales;  then the bi tumi-  
nous  beds which furnish the aspha l tum of St. Jo  and Burnet ;  
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and, finally, the oil-shales of the  Carboniferous.  None  of 
these  s t ra ta  were encounte red  within  3,0o0 feet  of the surface 
in the  deep wells at Galveston,  or in any o~ the wells of the 
Coastal  Plain. Be tween  the Eocene  or Claiborne s t r a tum 
of Nacogdoches  and the uppermos t  Ple is tocene s t r a tum of 
Beaumon t  there  are thousands  of feet  of gyps i ferous  clays 
and  sands in which na ture  may  now be dist i l l ing oil. 

(5) Tha t  the  s t ra ta  d ipping benea th  the  Coast  Prair ie  
conta in  m a n y  beds (reservoirs) of ar tesian water  is proved 
b y  extensive records and observat ions.  These  horizons are 
ful ly  descr ibed in the writer 's  paper  on the " Underg round  
W a t e r s  of the  Black and Grand Prairie. ''~ 

(6) This  wa te r  increases in t empera tu re  with depth  and 
in its capaci ty  for taking in Solution the solvent  salts, and 
$or upward  flotation of the oil ga thered  in part icles from 
the  various s t ra ta  th rough  which it passes  in g rea tes t  quan- 
t i ty.  The  fact  that  the  water  increases in t empera tu re  and 
sa l in i ty  is conclusively proved by  a line of wells, IOO miles 
in length,  be tween  Comanche  and Marlin, in the lower por- 
t ion  of the  Cretaceous  series. The  same s t r a tum which 
fu rn i shes  wa te r  at  both  places outcrops  at Comanche and 
suppl ies  good potable  water  at  a lmost  every  a tmospher ic  
t empera ture .  A t  Marlin, ioo miles eas tward,  this water  
comes  from a depth  of 3,20o feet, has a t empera tu re  of nearly 
J4o ° F., and is excess ively  saline and sulphurous .  Should  
the  rate cont inue from Marlin to Galveston,  this s t r a tum 
would  be, at  the la t te r  place, near ly  1,0oo feet  be low the 
surface,  and fntensely  hea ted  and saline. 

~7) If the  lowest  water-sands  of the Cretaceous  of Texas  
are  e m b e d d e d  benea th  the Coastal  Plain, s e v e r a l ' t h o u s a n d  
fee t  be low their  outcrop, they  mus t  be  under  t r emendous  
hydros ta t i c  pressure.  The i r  wa te r  mus t  ever  pass upward,  
and  would  take advan tage  of any s t ructura l  weakness  in the 
over ly ing  beds  to do so. 

(8) In the  discussion of the geo logy  of the Coast Prairie, I 
have  given some evidence of the existence of a s t rong mono- 
el inal  fold or fau l t ing  benea th  the  Coast  Prairie.  

~Twenty-first Annual Report of the U. S. Geological Survey, Part VII, 
Washington, D. C., 19o2. 
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There  is much  evidence tha t  the present  and former  
Coastal  Plains  of Texas,  mark ing  the recedence of the  old 
shore-line of the Gulf  of Mexico from the R o c k y  Mounta in  
Reg ion  to its p resent  site, has exper ienced periods of pause,  
p roduc ing  a series of concentr ic  shore-lines, accompanied  
by  fault ing.  I t  is a s ingular  fact  tha t  in another  par t  of 
Texas,  ad jacen t  to a region which  was at one t ime a coast- 
line of the  Gulf  of Mexico, there  exis ted such a line of 
weakness .  The'  g rea t  Balcones fault,  which  the wri ter  has 
f requent ly  described,  is of this character .  I t  is ve ry  prob- 
able that,  a long the present  coast-line, s imilar  fau l t ing  took 
place in Eocene  time, and tha t  the evidence thereof  has 
been obscured  by  over lapping  of the  Grand  Gulf  and la ter  
format ions  which  veil the  Coast  Prairie. 

It  is also t rue that  there  are unconformi t ies  in the  coastal  
section, such as the one descr ibed by  Kennedy ,  which migh t  
have overlaid such fault-fissures in the Coast  Prair ie  with 
more recent  deposits.  

If these deeply  embedded  water -bear ing  s t ra ta  under  
t remendous  hydros ta t i c  head exist  benea th  the  Coast  Prairie, 
their  waters  would pass th rough  any natura l  channels,  such 
as fault-fissures, th rough  all of the  known sheet-oil horizons 
of Texas,  except  those  of the Carboniferous  formation.  
Such hot  wa te r  would  ga the r  from the rocks, which  are 
knOwn to contain them, oil, salt, lime, su lphur  and g y p s u m  ; 
and the oil ga thered  from these  s t ra ta  would  b e  floated on 
the ascending saline waters .  

If ascending columns of oil and wate r  of this charac ter  
should mee t  res is tance near the  surface, we could well con- 
ceive of the format ion of such a pool as that  benea th  Spindle 
Top  Hill. To produce  such a formation,  which would be  
pract ical ly like the end of a " m u s h r o o m  " bullet ,  there  
mus t  be res is tance;  and this res is tance would  na tura l ly  
come from an impervious  formation.  The  overlap of the 
upper  X beds  of the Coast  Prairie, s topping  the free exit of 
the  water  upward  th rough  the fault-lines, would  produce  
such a resis tance ; and this overlap we bel ieve to have taken 
place. 

A t  any rate, should such a column of ascending water  
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with oil on top of it, reach a resistance n e a r  the surface, a 
subter ranean pool of oil would result, such as we find at  
Spindle Top. Fur thermore ,  the reaction which would take 
place in the column of water  below the oil could theoreti- 
cally account for all of the af ter -phenomena of the Coast 
Prairie mounds,  such as the salt islands of Louis iana  and 
Damon's  Mound, and the dolomite of Big Hill. 

I t  is a remarkably  in teres t ing  fact tha t  in the m a m m o t h  
artesian springs of the Balcones fault-zone, be tween Aus t in  
and Del Rio, we have an analogous group of data  showing 
the rise of subter ranean  water  in spots along a line of fault- 
ing. Along this line great  columns of water  are now rising, 
not continuously,  bu t  in spots, like the supposed ancient  
artesian springs of the Coast Prairie. I al lude to the series 
of springs at Aust in,  San Marcos, New Braunfels,  San 
Antonio,  For t  Clark and Del Rio. ~ 

It  is t rue tha t  these waters do not br ing any  perceptible 
oil to the surface;  but  this is ea s i l y  explained, since they 
pass most ly  th rough  l imestones and non-bi tuminous strata.  
On the other  hand, had they  been, as the old s t ruc ture  of 
the Coast Prairie has been, overlapped by more recent  for- 
mations,  they  would const i tu te  columns of suppressed water  
like those we have theoret ical ly  supposed benea th  the  Coast 
Prairie. 

A remarkable  discovery has been made wi thin  the past 
few weeks, ind ica t ing  the correctness, from a scientific point 
of view, of Captain Lucas '  theory  tha t  the mounds  were 
the loci of his groups of oil-phenomena, and suppor t ing  the 
hypothesis  of ascending waters. In Brazoria County, Texas, 
some 35o miles west of Belle Island, Louis iana  (almost as far 
as Phi ladelphia  from Cleveland), the lonely mound  known 
as Damon's  Mound, similar to those of th-e Lous iana  salt 
islands, rises out  of the prairie. This  has been penetrated,  
and proved to be an anticl inal  dome similar  to tha t  of Belle 
Isle, with a similar s t ra t igraphie .sec t ion:  Pleistocene sand 
and clay, with traces of su lphur  in the surface-layers;  oil;  

See "Geo logy  and Underground Waters  of the  Edwards  Pla teau,"  i8th 
.4n~,. Rep. (.7. g. Geol. Surv.,  Part  II.  
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then sulphur; and, for its lower 700 feet, pure rock-salt, 
with occasional traces of oil, demonstrat ing the occurrence 
of the latter substance, but not in commercial quantities. 

Now, the question arises, is Damon's Mound a fossil-oil 
hill, beneath which the oil existed but hag passed away? 
If so, why not also the Five Islands, and other salt islands 

o f  Louisiana ? 

FOOD VALUE OF THE MUSHROOM. 

The London, La~,cel says : ~' The notion has long been held that  the mush- 
room presented tile composition of animal flesh, which led to its being called 
the ' vegetable beefsteak. '  It  appears, however, that  this conclusion has be~n 
based on some analysis made many years ago, when analytical methods were 
not so exact as they are now and when the chemistry of food was not so w'ell 
understood. In one regard, at any rate, the mushroom does resemble a beef- 
s t e a k - i n  that it contains practically the same amount of water. But the dry, 
solid constituents of the mushroom differ very materially in kind from the  
solids of meat. The most important  difference is due to the rich proportion 
of pro te ids- - the  so-called flesh-formers--in meat as compared with the feeble 
amount in the mushroom. This fact, as ascertained by recent  analyses, 
hardly justifies the mushroom being regarded as a 'vegetable  beefsteak. '  It 
may be a blow to the vegetarian, but he would have to consume at least ten 
pounds of mushrooms in order to gain the equivalent of a little over one 
pound of prime beef. Indeed, in the light of modern inquiry, there seems to 
be no reason for believing that mushrooms possess any greater food value than 
other ordinary fresh vegetable foods, and in many respects they compare 
unfavorably with them. 

"St i l l ,  the fresh, tender mushroom is undoubtedly easily digestible, and 
as it contains carbohydrates, in addition to some proteid, it is obvious that it 
is of some dietetic value. This value is not comparable with that  possessed by 
essential foods, such as meat, milk and eggs. The mushroom, however, con- 
tains an unusual proportion of potassium salts. Few will deny that  the mush- 
room is an excellent adjunct to many dishes ; it has an appetizing flavor, and 
this quality alone makes it dietetically valuable." 

DANGERS FROM ELECTRICAL RAILWAY APPLIANCE. 

George Westinghouse has pointed out certain dangers which, in his 
opinion, should be guarded against in the fitting of trains with electrical 
apparatus. Mr. Westinghouse says: " It is not very apparent  how these 
dangers can be guarded against. A lifelong experience, however, in connec- 
tion with safety appliances upon railroads has caused me to view the subject 
from quite a different standpoint from that usually taken, espeeially by 
inventors and promotors, and in some cases by manufacturers of electrical 
apparatus, who evidently dislike to emphasize the dangers at tending the 
application of so much electrical machinery beneath the ordinary combustible 


